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ABSTRACT 

Tl.G^ . . . . . . “r^..:Arrr . . ir+P...im-~r+i,3n r:rlr ~rrnrrmnn+ for the TD/l I.l3wm ,,,,a ,sp,v, I. #J,ur,us.Y a,, 111L.51 11&1-clLb,“II I I.TR ~aacxa.J,4lrll* I I- “YE 111 

Waste Leach Pond Sediments in support of the designated response action of the 
Interagency Agreement (IAG) Action Plan (Rev. 7). The potential risks 
.rrn^i.+^A ,.*i+h +b.,. n,Tnrl rnrlim,Yn*r .,.,A ,in,,:r( ,.,3r+., u.,nm rln+nrminnrl k*,rnA fin a>J"L ,aL.su n, L.1, I,,,5 pv,,u as" 1111511*2 (110" I ,qu,u "UI)CG "GIG "c*c4IIrIIIc" Y"_)C" VII 
the present condition of the operable unit under institutional control. The 
risk assessment effort included a human health evaluation and an ecological 
.--^--".^e+ ^C ct... ^..^u.i.-ln I*":+ a,>c~JlllcllL "I c11c "~c'aY1s "III*. 

Liquid and sediment samples acquired from the pond during 1988 provided 
the basis for ^r+-.L.lirl.:..n r,Trr,Tn+u7+iA..r "C rlrnm:r.l,r 3.4 r3A:nnl,rl:A.,r saca", ,a,,,,,y L",,bsII*l aL.,v,,a "I x.llTllllk.cA, a -81" I U"IVII"CI IYCJ, 
which were then used in the risk assessment. The potential exposure pathways 
and toxic effects to both human and ecological receptors were evaluated. 

The human health evaluation involved the determination of 
nonca&inogenic and carcinogenic risks for a hypothetical receptor located at 
the boundary of +I.,3 ,.~~....l\l,. s.ni+ Dnr-...r,. +,I-.,, r:+., . L115 "$.J,s, a",= "II IL.. "SCO"~S *,,r .T,rr :s under IIIa*Icu*I"IIuI :mr+i+,,+innr., 

control, the exposure scenario was defined as a current occupational scenario. 
Two exposure pathways were examined: inhalation of soil-contaminated air and 
external exposure (for r.rl:,Tn,,r7irll,r ,...,I,\ cl:.-!, ror##l+r Cnr +I.., ,(1"I"II"~II"~~ ""'J,. I\I2R ,=.3u4*.3 I"8 LIIF 
noncarcinogenic and carcinogenic effects of site-related chemicals were below 
the level of concern for the evaluated exposure pathway (inhalation). 
Pq,"^:^^r^..ir ..irL Cn." :nl.*,..+:nn "C r,Ainn#.r,iA,,r I.I-JC 31c* h-7 n,., La,L,ll"ysll,c 0 I2h ,"I ,,I,,~,~C,"II "I ,cl"IYII"~, 8"G.J n-2 ana" "FI"", or within, 
the accepted National Contingency Plan (NCP) target risk range of 10-4 to 
10-6. The external exposure cancer risk, for all the analyzed exposure 

conditions ..__ C^..^A c,. ^“̂ ^^A l cI^ hlrn rirb .-rn..“,T ) wa> I”“,,” L” s*t.ccu c11s Ilcr I 1..,1\ I -ally+jS. Tb.,. es.-.;*&. r,.n+u:b.,,+.T..r to IllG IIICJVI cv,,*r IY”bUI a 

the calculated cancer risk for the external exposure hazard were Co-60 and ' 
cs-137. 

The ecological assessment examined the acute and chronic effects on 
flora and fauna exposed to chemicals and radionuclides at the TRA-Warm Waste 
PO& n-+.,-1 A ..^+..*+:-I ^"..^rllm^ r.+lr,.,*lrr :A,.n+ifinrl TL.n .-.rnl,%nirc., . rsLl,Y(I, an" p"L.tz"b'a~ snpv>u,c pab,,naJa were I"SIICI1 Icz". ,,,r sL.","y'Lm, 
exposure assessment evaluated two exposure pathways: ingestion of water and 
ingestion of contaminated soil. Evidence suggests that chemicals present at 

iii 



the TRA-Warm Waste Pond could be toxic to certain species of plants and 
wildlife. The evaluation for radionuclides was limited by the lack of 
toxicity standards to compare to onsite vaiues. in absence of such EPA 
standards, the radionuclides concentrations were compared to a limit suggested 
by the International Atomic Energy Agency. 

A separate risk assessment calculation was performed to evaluate the 
ingestion of soil for a future residential scenario. The results of this 
evaluation are shown in Appendix i-c. 
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INTERIM ACTION RISK ASSESSMENT FOR THE TEST REACTOR AREA (TRA) 
WARM WASTE LEACH POND SEDIMENTS 

(!-J&2-10). 

I..!!U!AN HEALTH R!SK ASSESSMENT 

1. INTRODUCTION 

The purpose of this report is to provide an interim-action risk 
assessment for the sediments associated with the Test Reactor Area (TRA) warm 
*.,3-+,-. ,c.?.rh ,.,,..A ,,,,WD, s+ +h,3 I,i.hn hl.+innzl, Fnninnnrinn , nhnra+nr" [TNF, \ "Pa*T ,rQb,, p'v,,v \""', u* ,,,I_ ~"..I," 1.1"1",,", L'.J.I...-. .'.> _"_". __". , \ -. .--, _ 
The warm waste leach pond consists of three cells (52, 57, and 64) which 
receive, or have received, liquid waste generated at IRA. At the present 
+i.",. ,...m +L.iurl rrc +b.r. r,,rCT,.rn Dw.O> nc L,,,,5, "11s-cII I I" "I rnll C7 ir rnvarnri with lim~i,i tej! c,,r a"IImbc UICU vu, UCII "h I.. -1,-t.." . .."I. . ..q"..-. 
57 is 'totally covered with liquid, and cell 64 is completely dry. The cell 
conditjons noted above will be assumed for this risk assessment. Liquid and 

.~rnmsiwnrl AnnuGnn 10~~ nrr\viAnA +hn h2ri.z Cnr ac+ahlichinn sediment samples ccLl.j",, S" ""I ,,,y I.#"" YE V. l".." l,lC YULl.2 1-r u-“m”. .-*. . ..> 

concentrations of radionuclides and chemicals that are present. 

Tl.^ *,.-.... b&r..,+* ..,...+:,wP nC +hir rieb .rrarrmnn+ im,n,,,d th,, ,,,c ,,“,I,~,, ,,Gm,&.l, p, I,,“,, v, *,,,a I ,.JR Y.x.ac.a.xlllrlll Ill.“m.-” “0.U 

determination of potential exposures and risks associated with the identified 
site-related contaminants. Because the operable unit is under actual 
I_-A1L..&l^-^, ^^..A-^, CL- TDA-IAID I.lDP IIISLIl."LI"lla.I CUIILI~Vl, l.,,c potential exposure scenario at the I ,vT ""l "U_1 

defined as an occupational scenario. The hypothetical receptor was assumed to 
be located at the boundary of the operable unit and estimates of exposure were 
_____I "se" in ihe risk determination. T.~.^ ̂ .,_ ̂ _..."^ ^"+k......,r ,_,-.",. .,".%,s,-,nA. Itv" w.pu>ur c pL8lnaJ-r w51= wIa.,LrU. 
inhalation of soil-contaminated air and external exposure (for radionuclides 
only). Different exposure conditions were examined to include upper-bound 
_____ _..-._--_ --^-^ LbSe,, ~"~r.ay~ ~br~~s, ---I -^-^ -^..,l^+l^ ^ .,....*.* u-e A +,.v:r:+*r .,rrnrrmnn+ b,T,C a,," IIIUr~D rtz*.l I,LIC en+J"J"'cJ. ‘-I cu*,h., CJ ~aar.Jalllrll* n-0 
conducted to determine the health effects associated with the identified 
contaminants. Noncarcinogenic and carcinogenic toxicity values were 
:J...L1c1-A -.. A-..:.._> a._ --._c-._- LL- .-1-L _^_^-^-^ -a nr ^I,_ ,_,- __ ",,...+:L:%-l iaenriTieo or derived LO perrur-m ant: II>~ assessmenlr. R,,h3 11GlS I("WICII I=" 
for the selected contaminants of concern ,(individually), for multiple 
substances, and for multiple pathways (for radionuclides). Noncarcinogenic 
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effects were evaluated based on the hazard quotient/index of toxicity, 
relative to unity. Carcinogenic risks were evaluated and compared to the 
accepted NCP target risk range of iO-4 to iO-6. 
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2. LIqUID AND SEDIMENT CONTAMINANT CONCENTRATIONS 

Rannrtr writtan hv tic!!1 snd FraTinr pt~ a]lz ‘...*“’ 1s v.. .““-a. “J . ,--.-. -- were examined for aertinent -..- -- ~-. ~~~~~~~ 
information. The desired information involved data from the 1988 remedial 
response investigation for the WWP. Radionuclide media concentrations were 
+.!zsn Frnm Adarrnn3. thn rhnmirxl rnnrnntratinnc were ~r_nnlirwi from P.pha_k4: LORC,, II",,, ",,YC,~",, , ",,.. w,,-,,. . ..". --..--.. I._".".." Y-” -- 

Reference 3 provided validation of radiological data for 26 sediment samples 
and 4 water samples taken in and around the WWPs during 1988. Reference 4 
+-kmhs+r\A ~~nc.Twrir rarnhtr Cnr nmanir 2nd innmanir cllhrt;lnroc that weye *m”uIaL.T” m,,a,Ja,G Ira”,*.. ,“I “,J’.“- . ..a- ,,,“, =“,. .- ““I ---..--- 

detected at the WWP. At the time of writing of Reference 4, the entire 
process of chemical validation of the organic and inorganic data was still 
. . .."A."" rr"".l"+:n.. ~C,,",,ILJ L,",up,~b,",,. 

The WWP consists of three cells (52, 57, and 64). Figure I-l displays 
*I.- "-.....,:.." l..^.+:^"" . l,,lS 3a11zp1 ,,y ,"LL7b,",,3 in =a&,, LczlI -.rl. rnll for rsAiman+r +hat WP~P ~rm~ird at P-fc)ot 4Z"1lllrll*a *II.... . . ..a- 'U.+""".." "" - 
intervals down to a depth of 10 feet, during the 1988 remedial response 
invest!gation study. In addition, water samples were drawn at cells 52 and 57 
and .were analyzed for ra","L,uLl ,"=a. rli""ll"l irlnr The analysi: of the r.mnlinn r-l,+2 fcr . . . . ..y I .“J “I”” 

this interim-action risk assessment was divided into two parts--the sediment 
and water samples. 

A potential hazard from the dry areas of cells 52 and 64 involves the 
movement of wind-driven contaminated dust to the areas outside the WWP. Hence, 
AL- ----,-A -_-__ &L.-L -y- a.., --,,- .a..* ,.,, ,_,. +ru r,.,,,,,,, kn unnrmrsn+a,, h,, L.Ivs ,awpteu ar~cd> l.II(LL are IIVC cvvet C" "J IlaL.=I Jll"U I" YT I rp, C.T~I,CC" "J 
surficial (O-2 feet) sediment concentrations from the dry sediments. 
Additionally, the exposed (dry) cell-bottom-surface areas should be used to 
..-1-L& AL_ _____ e1_Z-7 ---a--:---& ^^.-^^-+",.*:^"^ ..,3*7i.Z+i#. we:IgnL Lrle >",.I IL,*, Lulli,* 1,111, a,,L L"IILSIIL,Ob,",IJ in order to create a ISYI 1au1u 
averaging of potential airborne contaminants. In order to accomplish this, ' 
sample concentrations at points 0, P, G, and R in cell 52 were directly 

----..I- ---- Weraged t0 compute an unweighted mean. TL^ ^--^ .~._^ ..I..-.. a?^" ra"".l^ ,rr,+:-nr I ,lC >a.I,,c: 'Elq> ""IIS I "I 5au1p 15 I"Lab I"II.2 
B, F, G, H, I, and J in cell 64. It was assumed that cell 52 was two-thirds 
dry and that cell 64 was completely dry. The areas exposed for cell 52 and 
~-.#* C# ~~~~.~ ---.-..I-> L.. ._-1-- L-LA_- >:--_-1^-^ -t ",z - ., 7c - I?^.. ,...ll c') ccl 1 04 were compuLeu oy using OOLLU~ ulmrns~ons UI VP 111 A IV IO IVI ~51 I *L 
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and 76 m x 122 m for cell 64, as given in Reference 2. Assuming that two- 
thirds of the bottom of cell 52 is exposed, and summing this with the area of 
--,7 r. c~,, 04) -...- L___ _.___ ..-:-I.&:-- c-^c^u^ ^.c n .2,-t, .".-I n 700 ._.^..1 r~"w.,,+nA C".. s"rTdc;e d.(eQ wrlyl,LIIIy ,*L.L",~, "I ".LUI a,," ".,a2 WC15 L"urp"cs" ,"I 
mean contaminant concentrations for cell 52 and cell 64, respectively. The 
surface-weighted mean concentration was then computed for cells 52 and 64. 
IL1. - .______ ..__ _I_-_ s-.- ^.._ ,..-*--I "^-II-^..+ ^^^^^^+".~+:^rr ^C ....,4:nr,,r,irlnr I,,, 5 process was ""Me I"!- rYd,"QLr" >CU,illez,IL C",,Ce,lL., aLI",,J "I , IIUIVIIULI I"Si) 

and chemical substances for sediment samples acquired at depths of O-2 feet. 
An exception to this algorithm occurred for beryllium. The average value for 
--YT r* ~~.. n n ___ L.-L _I_L___7I_J A._ n ___ r?-- "^,, Cl TL" ..,^ :"*+^,A -,,^ _."_ cell JL was ‘.L ppm, ""L "eTcl"I Leo L" v #Jill I",~ L.rl I V-t. ,115 WelyllLs" a151 a.yc 

of these two values was 0.4 ppm. However, this is below the background limit 
of 1.1 ppm. Hence, the weighted average for beryllium was fixed at 2.2 ppm. 

The qualifiers that were,chosen for evaluation of measurements in 

References 3 and 4 must be noted. All qualified data (Q) and trend (T) data 
--~~~~-~~I:~-- ..-T_LI.J ___” from Reference 3 were incorporated for computing we~yn~eo-mean ~~di%iUC~iCk 

sediment concentrations. All the data accepted from Reference 4 had no 
qualifjers attached, except for one case in which a datum with an S qualifier 
(indicates vaiue determined by Method ok 3tanoa.ro Additionj was utiiized. 

For both radionuclide and chemical measurements, contaminant backgrounds 
from areas externai to the TRA-WWP were not evaiuated or subtracted for this 

study. K-40 was deleted from the radionuclide list since it was measured at 
naturally occurring levels found in the basalts of the eastern Snake River 
Piain. The contaminants, showing consistent "' true positive" measured vaiues 

at a depth of O-2 feet, were selected for this study and are shown in Table 
I-l. Water samples displaying statistically "true positive" radionuclide 
concentrations are shown in Tabie i-2. Wo water sampies were anaiyzed for 
chemicals for this study. 

Tabie I-l dispiays exposed-area-weighted average sediment concentrations 
for 19 radionuclides and 11 chemicals. The radionuclide concentrations are 
shown in picocuries per gram (pCi/g) and in milligrams per kilogram (mg/kg). 
The chemical concentrations are iisted in parts per miiiion (ppmj, which is 
equivalent to milligrams per kilogram (mg/kg). 

I-5 
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Table I-2 displays maximum water concentrations of 23 radionuclides for 
water samples taken from cells 52 and 57. Many of these detected radionuclides 
..Y,. .."L?.+iwm,,r ri.nu+-li,,oA .nrl +l%.oir "WOPP",-P mnmrnn+c c.nnr+~n+ a.Ic ,r;,.a.*,rs,J aI,", c-m "r", mamu ll,rII fJ"'d.z'"bL I L~'~a~I,*.z U"I,"-"..I," 
replenishment by facilities at TM. The majority of these maximum values are 
from cell 52, which tends to preferentially retain short-lived nuclides before 
Ct...., ^"^ . ..^"^L .":.,:"" "",,i,:l...:,,." #.*:+I. .-,.,, E7 Ll,ey LQII leabll wl*rrbj SLpIIIYI l"lll "#*II bcsll .I,. For this rirlr .rrnrrm!nn+ ;t I ,a,. .A.a*r.,awr,mr, 
will be assumed that the maximum measured concentrations represent a steady- 
state environment to which human and ecological receptors may be exposed. 

I-6 



3. MASS-LOADING AIRBORNE CONCENTRATIONS 

The righthand column of Tabie I-l displays the mass-loading airborne 

concentrations for the sediment radionuclide concentration and sediment 
chemical concentrations. These numbers were derived by initially assuming 
that the weiohted-average sediment concentration for the radionuclides and the 

chemicals is uniformly distributed throughout the surface sediments of cells 
52 and 64. Measurements taken at TRA during 1989 show that particulate matter 
cnnrnntrations in air averaoed 15 m/m" __._ -- .._. _- ._.. - -_-- - r_, ~~. : with an uncertainty at 2 standard 

deviations of 8 lpg/m3.5 This was for particles with a diameter less then or 
equal to 10 micrometers. Incorporating a conservative approach, we have added 
the uncertaintv to the mean value to establish an airborne oarticulate matter _..- -.._-. _- .._ ~ 
concentration of 23 w/m'. For a Gaussian distribution, this value represents 
a 98% confidence level of not being exceeded. If the airborne dust is assumed 
to contain contaminants similar to the concentrations in the nond surface -_..-- .._. - _._.._ r---- ---- -~~ 
sediment, then the product of the weighted-average concentration and 23 w/m' 

produces the steady-state airborne concentration noted in the righthand 
CO! Urn!!. This value is assumed accpssibip for ;I receptor who us outside. but 

near, the boundary of the warm waste pond. 



Table I-l. Warm waste pond O-2 feet sediment concentrations sediment 
Radionuciide concentrations 

Nuclide 

Weighted Average 
Concentration 

WVg) (mg/kh 

Mass Loading 
Airborne 

concentration 

(pWm3) 

Cr-51 7.585E-02 
Co-60 5.27lEtOO 

Sr-90 2.860E+Ol 

Ag-108m 1.270Et02 

cs-134 2.062EtOO 

cs-137.' 3.017EtOl 
Eu-152 1.333EtOl 
Eu-154 8.800EtOO 
Eu-155 4.960EtOO 

Th-228 1.913EtOO 
Th-230 7.538Et04 

Th-232 1.450EtlO 

U-232 6.890EtOl 
U-234 2.450Et05 

U-238 4.468Et09 
0.. 930 0 -l-f"~rnl ru‘LJ0 ".,,TLT"I 

Pu-239 2.412E+04 

Am-241 4.322Et02 

9.65EtOl 
1 ClC,,-,~ -r.UILT”J 
5.73Et02 

6.37EtOl 

4.4at01 

l.l5E+04 

1.07Et02 
4.92EtOl 

9.67EtOO 

2.72EtOl 
1.42EtOl 
1.30EtOO 
2.30E+Ol 

5.86EtOO 

1.61EtOO 
1 n,lYLnl I ."LLT"I 

1.91EtOl 
8.19EtOO 

1.04E-09 
1 nor nr *.""L-VU 

4.13E-06 

2.45E-06 

3.47E-08 

1.32E-04 

6.04E-07 

1.87E-07 

2.08E-08 

3.32E-08 

6.89E-04 

1.22EtOl 
l.O3E-06 
9.40E-04 

4.78EtOO 
E OTC-n7 d.a,L-V, 

3.08E-04 

2.39E-06 

2.22E-03 
1 ncc r-l, I .""=-"I 

1.32E-02 

1.47E-03 

i.o3t-03 

2.64E-01 

2.45E-03 

l.l3E-03 

2.22E-04 

6.25E-04 

3.27E-04 

2.98E-05 

5.30E-04 

1.35E-04 

3.69E-05 
7 2EC-f-l" L..rdL "7 

4.40E-04 

1.88E-04 

Cm-244 
___- __ i .muttul ” “.” _” tl.ci4t-08 i .55X-04 _ “_” __ 

b./5ttUU 

l * 

. The Cs-137 activity is determined by the 661.6 keV gamma-ray of Be-137m 
(Half-Life = 2.5513 minutes). 

I-8 



Table I-l. Warm waste pond O-2 feet sediment concentration (cont'd) 

Sediment chemical concentrations 

Chemical 

Weighted Average 
rnnrnn+ra+inn .#"II~CIIII ".,,"I, 

bpm) or (w/kg) 

Mass Loading 
c.irhnmr3 rrlIY"III~ 

Concentration 
(w/m3) 

Arsenic 

Be 

Bis()phth** 

Cd 

Cr 

Cyanide 

Hg 

Pb 

Ag t 
_ --. 
sultrae 

5.25E+OO 

2.20E+OO 

1.49EtOO 
3.12EtOO 
3.38Et02 

9.83E-01 
9 cocdwl L.V;ILT"" 

1.78EtOl 
2.19EtOO 
2 ..77EtOi 

1.21E-07 

5.06E-08 

3.42E-08 

7.17E-08 

7.77E-06 

2.26E-08 
c ,oc-n* V. I;IL-"" 

4.09E-07 
5.04E-08 
- --- -- 
b.Jbt-VI 

Zinc 
1" 

BisOphth=Eis(2-ethylhexyl)phthalafe 

1.43Et02 3.29E-06 



Tabie 1-2. Warm waste pond maximum water sample concentrations 

for radionuclides 

Nucl i de Half-Life (years) Maximum 
Concentration 

(pCi/ml) 

H-3 1.233EtOl 1970 
Cr-51 7.585E-02 2.26EtOl 
Mn-54 8.556E-01 1.63E-01 

Co-58 1.942E-01 6.32E-01 

CO-60 E 371rLAr-l d 9CCL"fl .J.L, &&~I"" T.L"LI"" 

Zn-65 6.678E-01 2.25E-01 

Sr-90 2.860EtOl 1.56EtOO 
Lr-95 i.i53E-Oi 3.i3E-02 
Nb-95 9.574E-02 3.46E-02 

Sb-12i 1.648E-01 1.75E-01 

Sb-125 2.730E+OO 4.30E-02 

I-131 2.200E-02 1.22E-01 

cs-134 2.062E+OO 5.23E-02 

cs-137". 3.017EtOl 1.56EtOO~ 
Ba-140 3.490E-02 l.l3E-01 

La-140 4.594E-02 6.72EtOO 

Hf-181 1.161E-01 2.86E-01 

Hg-203 1.276E-01 5.86E-02 
,I-')?') F. aanr‘ln1 V-L-L "."I"br"l 2.3OE-04 

U-234 2.450Et05 2.68E-03 

U-238 4.468Et09 5.60E-04 
pu-23g 2.4i2EtO4 5.40E-04 
Am-241 4.322Et02 1.28E-03 

*t 
The cs-137 activity is determined by the 661.6 keV gann!a-ray of Ba-137m 

(Half-life = 2.5513 minutes). 
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4. EXPOSURE ASSESSMENT 

4-I Exoosure Scenarios and Parameters 

The hypothetical exposure scenario selected for the interim-action 
evaluation of the TRA Warm Waste .Pond is a current occupational scenario. 

The occupational scenario is defined as a hypothetical worker (receptor) who 
can be potentially exposed to soil contaminants through inhalation and 
external e,~nncl,rYa r"-~. -. This selection was based on the actual institutional 

control at the INEL. This scenario represents a reasonable maximum exposure, 
based on the actual conditions and restricted access to the operable unit. 

The exposure assessment examined the potential exposure to contaminants 
present at the operable unit, based on available sampling data. Two exposure 
n.thw.vc were e~a~,j”~d: *“““.,“,- inhalation of soil-contaminated arr and direct 

exposure. These pathways were considered to be the most reasonable potential 

exposuJ‘es for an occupational scenario, based on the actual conditions of TRA- 
WWP. The potential ~wmcnc-l ;nd;vid!Jal was assumed to be located at the ..~*v"" 
boundary of the operable unit. 

Thn m&hdr llc.d in nc+im=+jgg exposure followed EP.4 risk assessment II,C hIIc*,,““&. “.a..” 11, b*“,,,*..” 

guidances. Values .for exposure parameters used in the calculation of intakes 
were derived from EPA Region 10 guidance' or were selected based on reasonable 
exposure Criteria. aif-f-erext accupg.;nna1 Pvnfic~lr~ condftjgns were examined Wy,"..". . 
for different inhalation rates and lengths of exposure, including upper-bound 
cases, average cases, and other selected time periods. The different exposure 
--"^" . . . --.-.--.---...-I:-- .3YnnCIIYIa n=r.ma+nrr =b-0 show!! ;fi Table I-3. CU>SJ anI" L", I saplw "'y Gyava"' z VU' .wIIV"b# .J II w The 
purpose of considering variations in exposure conditions was to be able to 
compare the effect of exposure parameters on the intake of the individual. 
n, A^ +h:r . ..Zll .-.,..~klr\ ,,c +n h.,,a n,;rv, L.1115 "I I I SII~YISZ "2 *v II*.= an idea of the range of risks from the 

worst-case scenarios (i.e., 40 hrs/wk, 40 years exposure) to more realistic 
conditions (i.e., 5 hrs/wk, 1 yr exposure). 
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Table I-3. Exposure parameters for occupational scenarios used in the TRA-WWP Risk Assessment 
- ‘.W -- 

Scenario 

EPA-Region 10, upper-bound 

EPA-Region 10, averalge 

Ad,justed, upper-bound' 

Adijusted, average' 

I 401 hrs/wk, 50 wk/yr, 40 yrs 
I; 

5 hrs/wk, 50 wk/yr, 40 yrs 

461 hrs/wk, 50 wk/yr, 10 yrs 

5 hrs/wk, 50 wk/yr, 10 yrs 

401 hrs/wk, 50 wk/yr, 1 yr 

5 hrs/wk, 50 wk/yr, 1 yr 

Inhalation Body 
Ralte 
&dJ 

Weight 
&) &Exoosure 

751 70 40 365 40 27375 

43 70 25 365 10 27375 

28 70 40 365 40 27375 

28 70 25 365 10 27375 

20 70 100 83.3 40 27375 

20 70 100 10.4 40 27375 

26 70 100 83.3 10 27375 

20 70 100 10.4 10 27375 

20 70 100 83.3 1 27375 

20 70 100 10.4 1 27375 

Exposure Exposure Averaging 
Frequency Duration Time 
i.d&.Q L!d Ml' 

a. Adjusted scenario based on inhalation rate of 20 m3/d instead of EPA Region-10 values. 
20 m3]d is the average individual inhalation rate recommended by EPA. 



4.2 Calculation of Contaminant Intake 

Contaminant-specific intakes were calculated in the exposure assessment 

of chemicals. These intakes were then compared to toxicity values to 
determine risks associated with exposure to the evaluated chemicals. 

The methodology for calculating chemical intakes followed EPA risk 
assessment guidance (see Reference 6). The calculation of intakes is used to 
evaluate the mannit~ude nf exnosure to potential contaminants. - =. - - - - _ -..I----- The equation 
used in the determination of inhalation intake is shown below: 

I= f x I.!? x ,XE x EF x ED !I! 
-----___---------___- 

BW x AT 
where 

I = intake of the contaminant (mg/kg/d) 
CI = concentration of the contaminant in air (mg/m') 
!R = inhalation rate (m3/d) 
XE = % exposure 

EF = exposure frequency (d/yr) 
b-- c PVnnEllrD Atrr.tinn Ivr\ ..,y,"'-"8 . "I. _" .".. \, . , 
BW = body weight (kg) 
AT = averaging time (d) 

The air concentration values (mg/m') used in the calculation of intakes 
were obtained from available sampling data, as explained in the previous 
.-,,,-+:A- a.2zb.c l"ll (see Table I-l). The averaging time used in the above ca]culation is 

based on the lifetime of an individual (75 years) (see Reference 7). 

Tt.* I In= me *II”“” Ivy, “a=” +hnAnln”.r llcarl ifi the eval”&jon of rad;onucjides ;pJ~~\/(.ks the 

comparison between the concentration in the media and the pathway-specific 
unit risk of the radionuclide. The estimation of intakes is not required in 
+*: c ....nrnA,.%.n *aIla p~"L~uurs, because the un:t I I.zR . . .."I Y"""J . rich \I.lIIP .lv.cx.,i" arrn,,ntr fnr aunnc,,re uw..-".."- .-. -,.* ---. - 

conditions. The derivation of unit risk factors will be discussed in the 
following section. Air concentration values used in the evaluation of 



inhalation exposure'were obtained from available sampling data (see Table 

I-l). Soil concentration values for the evaluation of external exposure were 
nr+:m3+nrl Crnm .w.i,.hln r.mnlinn rlzl+. SC nvnl.innrl hc.lnw ~~l,,,,,~CC" II",,, ~"~IIcAY,L dW#,~, "'J uu*u, Y.9 ~s.~'"'".." "II"... 

For external exposure of radionuclides, the exposure assessment was 
based on the actual in..+:+,,+:nn~l rnn+m, s+ +I.n TDb~L,,dD AC c+.+P,-i ,,IaCIC"rl"8lrl C"lla.l". u* **,c ,I"7 ""l. ‘1.2 d".."-Y 
previously, access to the site is restricted. In addition to a fence, there 
are radiation barriers currently surrounding the TRA-WWP. The radiation 
l...uu:^ur ."^....""^..+ r.rl:,+i,.‘. A,..-,-, nC E munmlhr ht.rnA nn r.Ai>+inn *,.a= "a,, bei> rcp";J"" a ,a",(L*I"II ""JC "I .I ""rm,III, ".a4C" "II I.."Iu*~"II YII.. 
control limits of 5 mR/hr. The radiation dose limit of 5 mrem/hr was used for 
the calculation of radiation dose and risk in the evaluation of external 
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5. TOXICITY ASSESSMEN 

A toxicity assessment was conducted to identify the potential 

noncarcinogenic and carcinogenic effects of contaminants present at the TRA- 
WWP. Two primary sources were used in the determination of toxicity values: 
Inteorated Risk Information Svstem fIRIS)* and Health Effects Assessment ~.-.-- ..-.. -...- -..-.. -*-~~.~~ \~~~~~, 
Summary Tables (HEAST)9. 

5.1 Chemicals 

The list of identified contaminants was examined and reference doses 
(RfDs) were determined for the evaluation of noncarcinogenic effects. The 
contamjnants evaluated for nnnrarrinnocanir effects were: arsenic. hervllium. . -. - -. - - J -. - ___-_._-I ___~.___ ___, 

bis(Z-ethylhexyl)phthalate, cadmium, chromium-III, cyanide, mercury, lead, 
silver, and zinc. Established inhalation reference doses were available for 
nnlv nnn contaminant (mercury). -.*., -..- TnYiritv vz]ues ~prp the5 estimated for the .---‘-‘-, 

remaining contaminants using available toxicity information from the Agency 
for Tokic Substances and Disease Registry (ASTDR) toxicological profi1es'0-17 
or threshold limit ?a!ues from the !k!er;can Conference of Governmental 

Industrial Hygienists (ACGIH)l'. Sulfide was not examined because of a lack 

of toxicity data. Values used in the derivation of inhalation reference doses 
a..~ rhnwn in Ann.anAiv T-A ..I e -*a"..,, 111 ,'**e""'" . II. Tahla T-4 lists the ;nhz]&;an reference &es . ..I.- . 
used in the risk evaluation of noncarcinogenic effects. Table I-5 summarizes 
the major noncarcinogenic health effects for the evaluated contaminants. 

Carcinogenic toxicity values were used in the evaluation of carcinogenic 
effects. Slope factors (SFs) were obtained from IRIS or HEAST. Four 
rhnmi,-Dir ,.,~..,a n\r>,,,s+aA Cnr ,->r,-innnnni,- nCCnr+c. arrc,ni~ h,,,.\h 1 i ,,m ..llLllll~c%Ia nr,r rz.rAl”u*L.” I”, b’u’..‘1”“~.A,‘~ ..IIbU”.a. Y,rrll,r, ““JS”““‘, 

bis(2-ethylhexyl)phthalate, and cadmium. This selection was based on 
available evidence of carcinogenic properties and carcinogenic toxicity 
.#>I llnC ..a,"C.a. 

Arsenic is classified by EPA as a Group A carcinogen (human carcinogen). 
P.,&"iS#," . rl..rriC:"A .c CW,.,." a1 r,ur:n"nnn ,n..nh3h,n h,"".n . ~~"IIIt"lll is LImaa, I IG" aa "I "")I "A bca,r.,,l"ysa, \p, ""a",= IIUIII~II carc:nogex; 
limited evidence in humans). Beryllium and. bis(2-ethylhexyl)phthalate are 

Group 82 carcinogens (probable human carcinogen; sufficient evidence in 
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Table I-4. Chronic inhalation reference doses (RfDs) used in the 
evaluation of noncarcinogenic effects of chemicals 

Chemical Inhalation Reference Dose (RfD) 

(w/kg/d) 

Arsenic 

Beryiiium 

8is(2-ethylhexyl)phthalate 

r.Ani,m l""lll I Ulll 

Chromium-III 

Cyanide 

Mercury 
: 

Lead 

Silver 

Zinc 

l.OE-05 

r "r "r O."t-"0 

6.OE-03 

2.OE-05 

6.OE-04 

6.OE-03 

9.OE-05 

9.OE-06 

l.OE-04 

6.OE-04 



Table I-5. Summary of inhalation heaith effects of evaluated noncarcinogens 

Chemicai Noncarcinogenic inhaiation Heaith Effects (see 
References 10-17, 19) 

Arsenic 

Beryllium 

Bis(2-ethylhexyl) 
phthalate 

Cadmi Urn 

Chromium-III 

Cyanide 

" ^ I ^ -. . me, cury 

Lead 

Silver 

Zinc 

Irritation of the skin and mucous membranes, 
(dermatitis, conjunctivitis, pharyngitis, rhinitis) 

Lung toxicity, pneumonitis and beryllosis 

Hepatotoxicity, reproductive toxicity (animal studies) 

Irritation of the lung: emphysema (long-term exposure), 

kidney injury 

Irritation of the skin and respiratory tract, 
deveiopmentai and reproductive toxicity (animai studiesj 

CNS toxicity, cardiac and respiratory effects 

!/<A _^,, .^A rwr IT-.., 7^,.^,"\. ..""":.+,+^..., -..uA:"..-rr**, . . I\,",,SJ .a,," k.I'l.2 \l"n-,e"e,>,, ,e>pl,oL.",J, cal"I""aJc"Iar 
an gastrointestinal (high-levels) 

Hematological effects, developmental toxicity 

Respiratory irritation, gastrointestinal effects, skin 
irritation (dust) 

Respiratory effects (impairment of puimonary function, 

irritation) 
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Table I-6. Inhalation slope factors (SFs) used in the evaluation of 

carcinogenic effects of chemicals 

Chemical Inhalation Slope EPA 
Factor (SF) Classification' 
(mg/kg/dj;' 

Arsenic 5.OEtOl A 

Beryiiium 

3is(2-ethylhexyl)phthalate 

a. EP* Classification: A = hunan carcinogen (sufficient evidence in huwns) 

61 = probable hunan carcinogen (Limited evidence in hunans) 

62 = prcbabie hunan carcinogen (sufficienr evidence in animais uirh inadequate 

or lack of evidence in hunens) 

b. SLope factor for bis(2-ethylhexyl)phthalate is for ingestion (oral). 

.- 
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animals). The oral slope factor was used in the evaluation of 
bis(2-ethylhexyl)phthalate because there was no available inhalation toxicity 
value for the chemical * Tnhalatinn clone factors a_pp shcydn in Table I-6, -....-.-- .-.. -. _r_ 

5.2 Radionuclides 

Radionuclides are classified as Group A human carcinogens. Nineteen 
radionuclides were identified as contaminants present at the TRA-WWP. Sixteen 
nd;onucj;cjes ;ers eya]uated fgr carcincytonir effects far b&h inhalation and a-"'- _._..-._ -.-.. 

external exposure. This selection included the contaminants present at the 
highest concentrations and those with available toxicity values. The SFS 
“.l,,C&C . . ..““I linh=l.+inn .nrl nvtnmal c.unnc~~rn\ fnr the selected radi~nfic!j&s a_re \ .11111,1111*1 “11” “_““. ,.“. “,.*“““. “, 

shown in Table I-7. Table I-8 shows a summary of carcinogenic effects for the 
evaluated carcinogens (chemicals and radionuclides). 

The slope factors of radionuclides were used to calculate pathway- 
specifjc unit risk values. Unit risk (UR) values were used in the evaluation 
Of rsrr:nnnnn:r rir!,r nc rz,,iinn,,r,iAar Thacn walelrrc wave cia.rivd rlcinn c.a&c,,l"yr,,,\. I ,an_l "I IU",",,U",IY"I. ,,,""" .",""" .."," I". .."" ..-...a 
specific exposure parameters for the different exposure scenarios. The 

following equation was used to derive the inhalation unit risk (see Reference 
9): 

OR = SF x IR x %E x EF x ED (2) 

where 

IR = inhalation rate (m3/d) 
%E = % exposure 
cc ^.,_^_.." ^ C"^r**^"r., ,A,.,".\ Lr - snpu3ur= 11 SqusllcJ ,",J', 
ED = exposure duration (yr) 

r”” AL- rl^“l..-cl-.. ..c ^.,+~“..“I ^.,..^“....^ sm..:+ uirlr Cn,lna,inn cur l,,,e “rr~,“aL.LI”,, “I 5*Ls,,IaI CqJ”J”,S “Ill&. I Ian, the ‘““V~llCj 

equation was used (see Reference 9): 
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Table 1-7. Inhalation and external exposure slope factors (SFs) used in the 
evaluation of carcinogenic effects of radionuclides 

Radionuclide Inhalation SF External Exposure SF 
(pCi)-' W/(pCi/m') 1 

Cr-51 ,3.OE-13 1.9E-12 

Co-60 

Sr-90 

cs-134 

cs-137 

Eu-152 

Eu-154 

Th-229 

Th-230 

Th-232 

1.6E-10 

5.6E-11 

2.8E-11 

1.9E-11 

1.2E-8 

1.4E-lo 

7.7E-08 

9 1c no J.IL-"O 

3.1E-08 

1.3E-10 

O.OE+OO 

8.9E-11 

3.4E-lla 

6.3E-11 

6.8E-ii 

1.6E-13 

E nc 1" J.ZL-AT 

4.6E-14 

u-234 

U-238 

Pu-238 

Pu-239 

Am-241 

Cm-244 

2,7E-08 5.7E-14 

2.4E-08 4.6E-14 

4.2E-08 6.1E-14 

4.1E-08 2.6E-14 

4.OE-08 1.6E-12 

2.7E-08 5.8E-14 
.- 



Table I-8. Summary of carcinogenic effects of evaluated carcinogens 

Chemicai Target Organ/Type of Cancer' 
Inhalation 

Arsenic Respiratory tract 

Beryllium Lung 

Bis(2-ethylhexyl)phthalate 

Cadmium 

Not available for inhalation; 
Liver (oral) 

Respiratory tract 

Radionuclides Target Organ/Type of Cancer"' 
Inhalation/External Exposure 

All radionuclides 

, 

Radiation-induced cancers in whole- 
body organs/tissues (i.e. gonads, 
breast, lung, red marrow, thyroid, 
bone marrow, etc.) 
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where 
UR = unit risk for external exposure (pCi/g)-l 

SF = clnnn fartnr for extergzj PYnnCllrP -a "y- . _.."V. --.r---' - 

(risk per year per pCi/m*) 
Soil Depth = O.lm 
Soii "en&-i,,, _ ""'*,1J I ~2 FrC; n/m3 Irnnrifir for TpJ., see P.ef~regce 1) &.I _I" T,... \-y--.1 .- 

%E = % exposure 
ED = exposure duration (yr) 

In the evaluation of external exposure, radiation doses (mrem/hr) were 

calculated for each radionuclide using the available soil sampling data from 
TOA 1.11.10 trnr. T.,k,,. T-1 \ ,n.--nnr ,JGS ,a",= '-I,. The CnllnhAnn an,,lr+inn w2.s ,,ea,i. ,"I '""1"y b.q"Y""" .."I . . ..W". 

D = C x (l#X/lE+6 pCi) x Sail depth x Sail Density x DCF (4) 

where 
01 = radiation dose (mrem/yr) 

c rf rr"+..."inan+ 4.. +lrn rr\i, Ed-i,"? = concentration "I L"ll(r~8IIIII~Ilb 111 CIIG .a", I \PY', J, 
Soil depth = O.lm 
Soil density = 1.8 Et6 g/m' (specific for TRA) 
DCF s dOje CXiVerSiOil faCtOr for C&.e?Tal eXpOSUS2 

(effective dose, (mrem/yr)/(fii/m*)) 

“---A .LL_ __ ,___Y_L_> *-A-, ^.-A--..-, oaseu on Lilt: Ld,L”,dLt!” L”L.Q, eALt!,~I,a, radiation dose from the pond 

sediments (for an individual standing on the contaminated source), the major 
contributors were Co-60, Cs-137 (Ba-137m), Eu-152, Cs-134, and Eu-154. The 
~~~I.- ~~.. ~~->_.~ . . ..lZJ. J... I_ L_&_T de-- _.__ AL.-- ..^^ -I &- ^^A:.....&^ *I.,. ratio or raaionuclioe dose LU LULLS oose was ~nen use0 LU ws~~ma~e LIIG 
contribution of each radionuclide to the radiation dose of 5 mrem/hr (based on 
a radiation field of 5 mR/hr) at the enclosed radiation area around the pond, 

.~~~~L.~~~ --1.-Al_7 which represents the location of the Potential receptor. A back-calculation 
approach was used to estimate the external-exposure cancer risk from the 
radiation field at the TRA-WWP boundary. Soil concentrations for each 
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radionuclide, corresponding to a total radiation dose of 5 mrem/hr, were 
estimated and then used in the cancer risk evaluation for external exposure. 
Fctimatd cnil rnnrnntratinnz for the evaluated radjonuc]i&s and 'heir --- . . . . ---- --. - -..--..-. --.-..- -. _.__----- 

corresponding dose conversion factors (DCFs)" are shown in Table I-9. 
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Table I-9. Dose conversion factors and estimated soil concentrations 
of radionuclides evaluated for external exposure 

Radionuclide External Exposure DCF 
(mrem/yr)/pCi/m') 

Estimated Soil 
Concentration 

WV) 

Co-60 2.27E+02 6.32Et02 

is-i34 i .5NtGi r .rr..* O.IJt+“” 

cs-137 6.11E+Ola 1.58Et03 

E,d-152 !.!!E+02 i .47EtOi 

Eu-154 1.21EtOZ 6.75EtOO 

a. The external exposure DCF for Cs-137 is based on b-137!%. The exfernat exposure risk fro% Cs-137 is due 

to the photon radiation emitted by Ba-137m, its immediate short-lived decay product (half-live = 2.55 

minutes). 
P 
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6. RISK CHARACTERIZATION 

The risk characterization involved the evaluation of potential 
noncarcinogenic and carcinogenic effects at the TRA-WWP. The outputs from the 
exposure assessment and toxicity assessment were combined to determine the 
risk associated with contaminants at the TRA-WWP. 

The potential for noncarcinogenic toxicity was evaluated by comparing 
the exposure level (intake) of the contaminant with the inhalation reference 
dose. This ratio is defined as a hazard quotient, as shown below: 

RfD 

where 
Hfl = hazard quotient, unitless 

I = intake of the contaminant (ma/kg/d) 

RfD = reference dose (mg/kg/d) 

If the HQ exceeds I: there may be concern for potential noncancer 

effects, because the intake is exceeding the reference dose. If the HQ is 

less than 1, the contaminant concentration is below the threshold of potential 
noncarcinooanir effects and no adverse effects are expected from exposure to a--..- 
the contaminant. 

To assess the overall notential for noncarcinoaenic effects, a hazard r----.-.-- 
index was calculated. The hazard index is equal to the sum of the hazard 
quotients, as follows: 

HI = (6) 
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where 
HI = hazard index, unitless 
Ii = intake for +t.n ;+I, rnn+3minnn+ (mg,,kg,,d) *,,r I I.,, c"II*uII1I11~11* 
RfD, = RfD for the ith contaminant (mg/kg/d) 

L,l.^^ +*- “I rvrr.r.Ar 1 +hAu- rn3ll ha rnnrarn for potential a&erse healt.5 w,1=11 LII..z ,I, c*Lss”J 1, I,,,51 5 “‘WJ Yr b”I,x.GI II 

effects (other than cancer) based on the aggregate risks from multiple 
substances. 

The potential for carcinogenic effects at the TRA-WWP was evaluated by 
calculating the cancer risk for both chemicals and radionuclides. For 
__._ -1-___-_ .-1-,*- __^ ^^&:...-+^-I __ l B.,. :..^.“,.-^“+., ..,,,,-.~,~i,:+>, AC 3.. 
Ldr-L I ,l”ysl>, rr,>K> ar~e r~bIIII~l.e” a.) L.,,lz IIIL1~l11511L.a. +J,vuLtu,r,*, “I enI 

individual developing cancer over a lifetime, as a result of exposure to the 
potential carcinogen. The following equation was used to estimate cancer risk 
c..-- -L_-1__7_. Tr"m Lxlelll I Ld I s z 

R : I x SF (7) 

where 
R = cancer risk, expressed as a unitless probability 
i = --~-I.~~.I~.--L intake of the contaminant (mgikgidj 

~SF = slope factor (mg/kg/d)‘l 

__--___A-- AL- For radionuciides, cancer risks were caicuiated by comPar,ny one 
concentration of the radionuclide in the medium of concern (air or soil) to 
the appropriate unit risk value, as follows: 

R = C x UR 

where 
R = cancer risk, expressed as a unitless probability 
C = concentration of the radionuclide in 

air (pCi/m'j or soii (pCi/gj 
UR = pathway-specific unit risk for: 

inhalation (pCi/m')-' or 
_. , .-1 

externai exposure (pCi/g) - 
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The approach used in the above equations assumes a linear dose-response 
relationship, where the slope factor or unit risk is a constant and the risk 
is directly related to the intake or concentration of the contaminant. The 
above linear equation was used when intakes and risk levels were low. When 
intakes were high (i.e., risk above O.Ol), the following relationships were 
used instead: 

For chemicals: 
R = 1 - exp (-1 x SF) 

For radionuclides: 
R = I - e.xp (4 x UR) 

P! 

(10) 

where 
R . = cancer risk. e~nressed as a unitiess probability ____, ---r- ----- 
I = intake of the chemical (mg/kg/d) 

SF = slope factor (mg/kg/d)-' 
c = coficefltration of the radinnuclida in --. _.._-. -. 

air (pCi/m') or soil (pCi/g) 
UR = pathway-specific unit risk of the radionuclide 

for inhalation infYi/m31e1 Or aYtnm;ll ~~"OSUr(? \r-'I '.' I -.._-. ..-. ---r---- - 

Wi/g)-' 

TO aS.$L)SS the nver~ii nntmtial fl+lr rarrinnnenic effects from f!YDDSU~~ r” __.I_. -. -. - -. - - = -. - --or ~-~ 

to multiple carcinogens (chemicals or radionuclides), the following equation 
is used: 

Rt = z! (W, 

where 

S = total cancer risk, unitless probability 
p,, = risk for the jt,b rnnt.min.nt .."II"111,..*III" 

(chemical or radionuclide) 

(11) 
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The above equation represents an approximation of the precise equation 
for combining risks, which accounts for the joint probabilities of the same 
inrli~rirl~~~l sic~vdnninn cgjcey 2s 2 rnr~ccmbkanrcI Qf oynncllrp tn twc Qy more III”I.I”UII “V.“.d*.‘.J --..-- ~ _-..-- --.r ---. - 

carcinogens. The simple additive equation was used when cancer risks were low 

(less than 0.1). For high-risk contaminants (i.e., two contaminants RI and 
R2) the Cnllnl.,inn ,3n,,>+;nn w2c ,,r‘d iflsteld: I Y I I”,. I a.3 -“(us” I “.l . . ..a “....” 

Rf = RL + Rz - (R, x RJ (12) 

where 

Rt = total cancer risk, unitless probability 
R,, R rirlr nC rnn+.min.n+ 1 .",-I 3 z = I Iam "I C"lll UIIII,, Ulll A ..ll" - 

Carcinogenic risks were also calculated for multiple pathways, in the 
^.."^ ca.Jcz of radionuclides. ,\,a, "czI"~a for Dir!, .ral,,nr inl..1.+ir\n >nrl nv+nmc%1 avnnc,,ro Were ,,I,,UIYL.I”I, “1,” b,.s.Cl II”, -,T*Y-“. - 

added to obtain total cancer risk for both exposure pathways. 
, 



7. RESULTS OF HUMAN HEALTH RISK ASSESSMENT 

The individual calculations and results of the risk characterization are 
shown in Appendix B. As explained earlier, different exposure conditions were 
evaluated, so as to examine the worst-case, as well as more realistic, 
scenarios (see Table I-3). 

The evaluation of noncarcinogenic effects showed that all HQs were less 
than one for individual chemicals . The HI was also less than one, which 
indicates that no adverse health effects (noncarcinogenic effects) are 
expected from the evaluated contaminants. A graphic presentation of 
noncarcinogenic results (for all exposure conditions) is shown in Figure I-2. 

Carcinogenic risks for the inhalation pathway were found to be in the 
range of 2.9 E-10 to 6.4 E-7 for chemicals and 3.2 E-8 to 7.2 E-5 for 
radionuclides. The high end of the range represents the upper-bound exposure 
conditjons based on EPA Region 10 exposure parameters. The NCP target risk 
range'is between 10-6 and 10-4: which means that the target risk range was not 
exceeded for the inhalation of chemicals or radionuclides. Figure I-3 and 
Figure I-4 show the carcinogenic risk results for the inhalation pathway for 
chemicals and radionuclides, respectively. 

Carcinogenic risks for the external exposure pathway for radionuclides 
were found to be above the recommended target risk range, with values between 
7.4 E-4 and 3.3 E-l. External exposure results are shown in Figure 1-5. 

Total cancer risk was also calculated for both exposure pathways (for 
radionuclides) and was in the range of 7.4 E-4 to 3.3 E-l (see Figure I-6). 
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TFlA WARM WASTE POND 
INHALATION OF CHEMICALS 

NONCARCINOGENTC RISK 

Figure l-2. Hazard index results for ncqcarcinogenic effects of chemicals at the Tf3A W;arm Waste Pond. 
(see Table l-3 for exposure scenarios;) 
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Fi,gure l-3. Cancer ri!sk results for inhalation of chemicals at the TRA Warm Wiaste Pondl. 
(see Tablle l-3 for e!xposure scenarios) 
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Figure 11-4. 

EXPOSURE SCENARIO 

Canc’er risk results for,inhalatiori of radionulclides at the TRA Warm Waste Pond. 
(see Table l-3 for exposure scenalrios) 
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Figure I-!i. Cancer risk results for external exposure to radionuclides at the TRA Warm Waste Pond. 
(see Table l-3 for exposure scenarios) 
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Figure I-6. Cancer risk resuks for tota,l exposure to radionuclides at the TRAWarm Waste Pond 
(inhalation and external exposure). 
(see T#able l-3 for exposure scenarios) 



8. DISCUSSION OF UNCERTAINTIES 

The performed risk evaluation described the potential risk associated 
with identified contaminanti at the TRA-WWP. Although the presented results 
are accurate for the evaluated concentrations of contaminants at TRA-WWP, it 
is also imnnr+an+ to real,ize that the risk values carry some uncertainties r". --..- 
inherent in the risk assessment process. The calculated values for hazard 
index and cancer risk represent estimates of potential effects and do not 
+--nt-ncm+ rharwtnri7atinn of absolute risks at the Tp_l-WWps I .,'r,-a_,,,. "..mI ".."_. ,_"" .-., The risk 
measures are conditional estimates, dependent on a considerable number of 
assumptions about exposure and toxicity. 

Several factors that should be taken into consideration when evaluating 
the risk results are the uncertainties involved in identifying and 
quantifying: e-nn+~min~ntr ~""s.u,,mIIm..II"-, -vnnQfllrn assessment assumptions, toxicity values. ..,,r.,.,"* - 
and risk calculation methods. 

, 
. . . . . . There are :cqye Ilnrar+2rn+?ar .ccnP-~.tcaA wt!j 7Ad7fV]@ Cn..+-......-..;_ "llrr, I..,,,",.... "ds"...w".." ..,". ._ -..-.., ntaminantz at 

the TRA-WWP. The evaluation of site contaminants was based on 1988 sampling 
data and does not represent the actual condition of the TRA-WWP. In regard to 
estimating air concentrat:oxs, rnnrnr*r=tiwn =rrn9mntinnr were ific]g&d in the ..“II.zZI .I I .- .A--“...*” *.,..., 

mass-loading approach, which can overestimate the exposure to the receptor. 
The resulting air concentrations represent an upper-bound (98% confidence 
T...n,.l\ rr+:."P.+n mL n,T+.-..,+i., . Icrsll 53GIIIIabc vI pvCrllr,m. a:r exposure, =rrnsmiqn that the a;rbg-ne dust YL.."lll I, > 
contains contaminants similar to the concentrations in the pond surface 
sediment. 

Uncertainties related to the exposure assessment include the selection 
of exposure conditions and exposure factors that describe the receptor 
scenario at T#-#wp. As. &served in +*r mT‘.*4,+r c.r+im.+nr nf in+.lra zIt.0 b11S ,=a", *a, zat.IIII..ILI "I S,,"..,... _." 
dependent on the selection of exposure parameters (see Table I-3), which will 
determine the extent of risk to the receptor. Due to the uncertainties 
1-..- ,..-_I 1_ LL- -^1^^&1-^ -z ^.,_ ^^.,_^ lrlY"L"r" ,,I Lilt! >c:Im.L,"II "I ?xip,u>urs factors, t,$i; ecaalgatjon inrllarlnrl ,,,r#"".." 
several exposure conditions, from the EPA Region 10 upper-bound case to a more 
realistic one-year exposure. The Region 10 upper-bound scenario represents 
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the reasonable maximum exposure suggested by EPA Region 10. We do not 
anticipate that potential exposures and risks will exceed the resulting values 
for the upper-bound case. In 211 PTaCOC~ the risks are dPnend@nt on the ""__", --c-..--..- 
likelihood of access to the contaminated area and the period of exposure, 
Another exposure assessment uncertainty is the assumption that the exposure 
r,-.nran+r~+innr mill mmain ennctant thmsmhnlrt the nnrinrf of pynnc~~e. c”,,x.~,,*, UCI”,,~ ,.I I, 1~111..,,, -“,,-““..” “... ‘“>..““” (-“. ._“~ “..#- ---. -- This 

assumption will cause an overestimation of risks because depletion of source 
contaminants is not considered. The steady-state source assumption represents 

rr*rru.#"+:wn. ,..-+:m?.+:nn nC .3""nP,,wa a LVIIJSI 1a_c111s 5a*1111~_cIvII “I bl cr. C”~“.z”, b. rnntrihintinnr frgfi r&;oactjve r,,L”, 1111”. 1111.-n.- 

decay products were not considered in the exposure assessment of 
radionuclides. 

There are also some uncertainties related to the toxicity assessment and 
risk characterization. Uncertainties related to the toxicity values used in 
Al... "*""..^*^ui".+i^" ^C "r"r"...r:n~n,w.ir 3-A r.rrinfinanir +.irkr p," in,",,,rfa. LIIe L,,araLLc, ILaLa",, "I ,,",,L.fAlL.,(II"~~III~ WII" cm,ba"Yy"'lb 8 I-R., . . ..mm ISI"II"". 
high-dose to low-dose extrapolation of adverse effects, extrapolation from 
animal fstudies, short-term to long-term exposure, and differences in 
""".. ,-&:^" "^"^ 1&1.,1&1^^ y* i- :".,.,.%"+."+ +* m.1:7,, +k3+ +nvi,-i+,, \,.,,,Pr p"p",aLl"rl >ell>1LI"IL15,. La, ,a ,,qa",b~,,L. I," ISZUIILC *,,.A* '"A'un*J . . .."...a 

(reference doses or slope factors) are estimates with uncertainties spanning 
perhaps an order of magnitude or greater. One of the defined uncertainties in 
AI- T"l *.tt.nn -..- 7..-LZ-- .~._^ +L^ ,"^l, ..a? rr+..b.,:rL"A u.-tCnunnrn Ar\rar far P,-.rnP l,,,e IN+-YIwr eYQ,"aL,",, wa> l,,,e ,OlLh "I caba", ,a,,~" ,515, TII..G uvllr.x .sYIIIU 
contaminants and the use of estimated values in the dete~rmination of 

noncarcinogenic effects. Conservative assumptions were made in the toxicity 
-..-_1..-LA-- A ..-__._ ^r+i.".,+,.A ..,.C,,unnra eValUal.lOn Xiv urK;ar?.aiiity facto-i-S Were included ifi the ~~JLI~DGCU ~~~GITIIL= 

dose, such as to account for differences in human sensitivities (UF = 10) and 
uncertainties related to NOAEL (No Adverse Effect Level) or LOAEL (Low Adverse 
S-C-~ ~I 0 -~~-7, ~~.l.... ,.ar ,,-.\ TL_ .,__ "'2 ^^_^^".,_ AZ.,.. _^ ̂ .._" 4.:""" ".I crrecl, Level, "aI"es trnr = I",. ,,,r ">ti "I C",,>~,~VIIL.,"I: a,>",llpL.."lla bQ.II 
generate overestimates of risks, but due to the uncertainties involved in this ' 
process, it was considered necessary to include these factors in the 

L.~~L.-~ -r~--r.~ . .._ A _.__ eszimarion or reverence uoses. 

For the evaluation of carcinogenic effects, all toxicity values used in 
the risk characterization have been verified by EPA. Evidence of 
carcinogenicity for the evaluated carcinogens was high (EPA classification: 
A, 61, or 62). Some uncertainty was identified in the use of an ingestion 
siope factor in the evaiuation of bis-(i-ethyihexyijphihalate. Nevertheless, 
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the contaminant was included in the risk assessment as a conservative measure, 
based on its classification as a probable carcinogen. In respect to the 
radionnclides evaluation; there is a high confidence in the available toxicity .-- ._.. -_. .--- 
data regarding their carcinogenic properties, because cancer risk values for 
radionuclides are based on human epidemiological data. Still, there is always 
some uncertainty Eiated to calculated values because Of extrapolation t0 1OW 

doses from high-dose data. 

Other concerns in the risk characterization are uncertainties associated 
with summing risks or hazard indices. The assumption of dose additivity 
ignores possible synergism or antagonism among substances. In spite of that 
~cr~mntinn roa cllnnncts we should assume that risks are additive, recognizing ““““..‘*‘.“.., _,.. ""=="" 
that the necessary data to assess these interactions are rarely available and 
this approach will prevent the underestimation of risks at the site. 

t 
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9. CONCLUSIONS 

The risk results indicate that the chemicals do not nose a human health ..-._-_- _..- --.- r--m 
threat in terms of noncarcinogenic effects based on the evaluated exposure 
pathway (inhalation). Carcinogenic effects (for inhalation) for the evaluated 
ChPmiCai rarrinnnanc Were ais below the level Of ~O"Cer". based on the NCP "". "... "=".." --.---- .-I 
target risk range of 10-4 to 10-6. 

The r;sL. results from the inhalation of radionuclrdes indicate that 

risks are within the NCP target range of acceptable cancer risks. When the 
upper-bound case is considered, the risk approaches 10-4. As stated before, 
thnm =FP ~nrn~ vmrartsintiar assnc;ated *jth j&e ertjmatig~ of ricks. a_nd the .,IICIb YlI .z”lllC “II..-, ““I..“*-- _-___, 

upper-bound case represents a very conservative scenario that might not be 
realistic based on the limited access to the TRA-WWP. 

The risk results from the evaluation of external exposure to 
radionticlides indicate that there is a carcinogenic health concern from 
rrl+,s.i",n+r nunrr\n+ T.+ TOLIAJD Thn P~~PP.. rirkr fnr eu+maJ eunnctrra c"II*~wIII~,,*J )I" rar,,* aI, I0.n ""l . ll,C U.AIIICI I I.,.." *-. “,.r”““. ” 

exceeded the acceptable NCP range for all exposure conditions. The external 

exposure calculation was based on the actual radiation dose limit of 5 mrem/hr 
,I.^"^,4 \vaz.eu Ofi 5mR/hrj for r,...+unllnrl r.rlis+inn >vma a b",,l,,"I Ir" I UYIYIII",, UI cu. It is important to 
recognize that this radiation limit exceeds the EPA or NCP target range, based 
on risk assessment calculations. Although there are some uncertainties 
^^^"^1"*^-1 . . ..*b. "Z",, ^r+:"."+:"r n..nrn,.4,,unr +Irn rarlhtr r4am”ncfrntP 2 a>>"C,al,F" *L, L.,I , ,Jh 5~l,,1,,aL.,",, p, "b.z""I =a, b,,F I C..", *a Y..III"I1-"I .."b 

potential cancer risk problem as a result of external exposure to 
radionuclides. 
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